In conventional multichannel/imaging microwave diagnostics of interferometry, reflectometry, and electron cyclotron emission measurements, a local oscillator (LO) signal is commonly supplied to a receiver array via irradiation using LO optics. In this work, we present a 60-GHz interferometer with a new eight-channel receiver array, called a local oscillator integrated antenna array (LIA). An outstanding feature of LIA is that it incorporates a frequency quadrupler integrated circuit for LO supply to each channel. This enables simple and uniform LO supply to the receiver array using only a 15-GHz LO source and a coaxial cable transmission line instead of using an expensive 60-GHz source, LO optics, and a waveguide transmission line. The new interferometer system is first applied to measure electron line-averaged density inside the divertor simulation experimental module (D-module) on GAMMA 10/PDX tandem mirror device. Published by AIP Publishing. [http://dx.
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I. INTRODUCTION
Highly spatially and temporally resolved electron density profile and its fluctuation behavior are necessary in order to solve many of important physics issues in magnetized plasmas. Multichannel/imaging microwave diagnostics 1 are powerful tools to obtain spatially and temporally resolved such key parameters. In microwave diagnostics such as interferometry, reflectometry, and electron cyclotron emission measurements, a local oscillator (LO) signal is often used to convert radio frequency (RF) signal into an intermediate frequency (IF) signal. 2 In these diagnostics using one-or two-dimensional receiver array, LO signal is commonly supplied to a receiver array by irradiation using LO optics and a high-power LO source. 1 However, the conversion efficiency of each receiver channel can be affected by non-uniform irradiation pattern. 3 Recently a new receiver array has been developed to overcome the disadvantage. That is a local oscillator integrated antenna array (LIA). 4, 5 One of the unique features of LIA is that it includes a frequency multiplier for LO supply to each channel and due to this no high-frequency LO irradiation is required. In this work, we present a new interferometer system with LIA. The system was applied to measure the electron line density in divertor simulation experiments in GAMMA 10/PDX device. 6, 7 Note: Contributed paper, published as part of the Proceedings of the 21st Topical Conference on High-Temperature Plasma Diagnostics, Madison, Wisconsin, USA, June 2016. a) Author to whom correspondence should be addressed. Electronic mail: kohagura@prc.tsukuba.ac.jp.
II. EXPERIMENTAL APPARATUS
GAMMA 10/PDX 6,7 is a 27-m-long tandem mirror machine ( Fig. 1 ). In standard hot-ion-mode operation ion cyclotron range of frequency (ICRF) waves called RF1 and RF2 are injected for the MHD stabilization at the anchor cells and for ion heating in the central cell, respectively. High heat and particle end loss fluxes are produced at the end mirror exit of GAMMA 10/PDX. 6, 7 A divertor simulation experimental module called D-module has been installed at the west end region for divertor simulation study. D-module is a rectangular chamber with an inlet aperture. Two tungsten target plates (350 × 300 mm 2 ) are mounted in V-shape inside D-module. Gas injection lines are installed to study radiation cooling and plasma detachment. Thirteen Langmuir probes installed on one of the target plates are used to obtain local electron temperatures and densities on the target. However, no information on electron density in the internal space between the target plates had been obtained. To measure electron density inside D-module, an interferometer system was developed and utilized.
III. NEW 60-GHZ INTERFEROMETER WITH LIA

A. Previous interferometer system
The previous interferometer system 8, 9 is briefly summarized as follows: A horn-antenna mixer array (HMA) 10, 11 originally designed for microwave imaging reflectometry on the large helical device (LHD) was used as a receiver array. The one-dimensional seven-channel HMA is made by of ∼150 mm in diameter by two mirrors. In the former system, the 1/4 frequency LO wave was first frequency multiplied up to 60 GHz. Then it was amplified and transmitted via waveguide to a LO antenna. A beam splitter was used to combine the RF wave and the LO wave. In the new system, a 15 GHz LO signal is simply amplified and transmitted directly to LIA using a coaxial semirigid cable line. The merits of the system are as follows: (i) The expensive quadrupler and amplifier at V-band are replaced by the cheaper Ku-band amplifier. The MMIC quadrupler used on the LIA circuit is much cheaper than commercially available waveguide quadrupler module. Fig. 4(a) and the position where the viewing chord intersects with the Z-axis is marked as the solid short line in Fig. 4(b) . Microwave is launched from a horizontal viewing port of D-module at an angle of 65 • against the Z-axis due to the limitation of space and viewing port size. Only three channels of LIA aligned in the Z direction are available due to the same reason. The center of the measured position on the Z axis is −224, −244, and −264 mm (when the location of the target plates corner is defined as Z = 0). The length of the interferometer chords across the plasma in D-module is ∼26 cm. This value is used to evaluate a line-averaged density from a line-integrated density. Magnetic field lines and positions of the probes (closed circles) are also illustrated. Magnetic field strength is about 0.2-0.3 T along the lines of sight. Although only one array of LIA is used in the present system, a 2D receiver can easily be made by stacking the several pieces of LIAs, which enables a 2D density distribution measurement. 
IV. EXPERIMENTAL RESULTS
The H 2 gas was injected in D-module at 0.3 s before the plasma discharge with 0.75-s duration. The plenum pressure of a gas reservoir was set from 200 to 1000 mbar. Standard hot-ion mode plasma was produced by RF1 and RF2 at the upstream region of the central cell. The additional heating of RF3 was applied during t = 300-400 ms at the east anchor region. In Fig. 5(a) , the time behaviors of line densities inside the V-shaped target measured by the interferometer are shown at 200 and 700 mbar through three chords (Nos. [3] [4] [5] , respectively. In this experiment, not much difference is observed among the densities of the three channels especially before applying RF3. Figure 5(b) shows the line densities through the chord No. 4 with different pressures.
Figures 5(c)-5(e) show several plasma parameters during RF1 and RF2 period as a function of H 2 gas plenum pressure. The plenum pressure dependence of the electron line density and diamagnetism measured at the central cell is presented in Fig. 5(c) . The gas injection in D-module affects the plasma production at the upstream region. Roughly speaking, the stored energy decreases and the electron density increases with the increase of gas pressure from the range of 200-600 mbar to the range of 700-1000 mbar. Figure 5(d) shows the lineaveraged density measured by the interferometer (the closed circle) and the electron density measured by the Langmuir probe #4 on the target plate (the open square), respectively. The electron density on the target plate increases up to around 600 mbar and then decreases with higher pressures. With the increase of the pressure, the electron temperature on the target decreases as shown in Fig. 5 (e) and this may cause the density saturation on the target. On the other hand, the line-averaged density keeps increasing up to around 700 mbar and then clearly decreases with 1000 mbar. The density on the target at 800 mbar is less than the peak density at 600 mbar while the line-averaged density still keeps around the peak density even at 800 mbar. The density reduction rate of the line-averaged density after exceeding the peak density is less than that of the density on the target plate. We now have no information on electron temperature inside the target plates. However, the average electron temperature along the line of the interferometer chord passing through the center of plasma may be higher than that on the target, because in the upstream region temperature and density spatial distributions usually have their peak at the center. Therefore, the end loss plasma flux flowing into D-module may also have its peak stored energy at the center of the plasma. The difference in the pressure dependence of these densities may result from such a temperature difference.
